Despite the proliferation of research networking systems (RNS) 
Introduction
Facilitating interdisciplinary team science is a critical mission of NIH's Clinical and Translational Science Award (CTSA) program, comprising 60 medical research institutions in 30 states and the District of Columbia in the United States. An important mission of CTSA is to help biomedical researchers identify collaborators. Research Networking Systems (RNS) have been designed in many CTSA institutions to foster collaboration among clinicians and researchers working in multiple disciplines. Understanding information needs of biomedical researchers and collaborator searching methods on RNSs is vital for improving RNSs. One cost-effective way to understand behaviors of biomedical researchers is to analyze web server log files 1 . Log file analysis provides information about system usage, including when, how, where, and by whom the system was used. Although a single method cannot provide a whole picture of user behaviors, previous studies have shown that web usage mining can capture a reasonable amount of information about the performance of a system 2, 3 .
Columbia University Scientific Profiles (CUSP) (http://irvinginstitute.columbia.edu/cusp) is a locally developed RNS that generates a scientific profile for each biomedical researcher affiliated with the Columbia University Medical Center using information from human resources, MEDLINE databases, and university grants databases. We first launched CUSP in March 2011 for internal use by Columbia University employees. In March 2012, we made CUSP open access. During both phases, we used Google Analytics to monitor its usage in real time.
We previously reported the usage of CUSP by authorized users during its restricted access phase 2 . This study aims to characterize and explain the temporal usages of the open-access CUSP through trend analysis and to gain insights for improving CUSP and other open-access RNSs. Specifically, this study addresses three questions: (1) How has CUSP been used? (2) What are the differences in CUSP usage patterns between restricted access and open access modes? and (3) How has usage changed over time during CUSP's open access period? The Columbia University Medical Center Institutional Review Board approved this study.
Methods
In order to address the first question, we obtained descriptive statistics about CUSP use for the time period from December 2, 2011 to September 19, 2013 from Google Analytics (http://www.google.com/analytics) installed on the CUSP server 4 . The information used for our analysis includes anonymous visitors' geographical locations, Internet service providers, devices, search terms, the number of page views per visit, visitor status (i.e., new or returning), and the number of visits each week, month, and year, as well as overall bounce rates (i.e., percentage of visitors leaving the web site from the home page without performing a search or clicking on any page links). Google Analytics uses tracking cookies to identify unique visitors. Unique searches were recorded along with subsequent profile lookups for scientists, grants, or departments, or co-author or co-investigator network visualization for publications or grants. To detect popular topics searched by CUSP users, we applied content mining to all search terms using Automap (http://www.casos.cs.cmu.edu/projects/automap).
Using Google Analytics timestamp data, we applied time series analysis 5 to address research questions two and three, i.e., to examine the differences of usage trends between different access modes (restricted vs. open versions) and in different years (2012 and 2013). We created time series models using Weka 3.7.9, an open-source machine learning system, to compare the temporal trends between the two access modes and the two time periods. On this basis, we applied the multi-trend regression algorithm based on support vector machine using Weka's SMOreg function 6 
Results

General Usage of CUSP
During the 21 months from December 2, 2011 through September 19, 2013, 4,974 unique users from 88 countries used CUSP, with a total of 8,492 visits, 28,196 page views, an average of 3.3 pages or 3-minute stay per visit, and a bounce rate of 56%. Half of the visitors (51%) landed directly (4,329 visits) by clicking the CUSP link in the signature section of emails that they received (e.g., faculty signatures that include a link to CUSP). The others (44%) landed through referrals such as the web sites for Columbia University Medical Center, Columbia University College of Physician and Surgeons (3,757 visits), or Google search (378 visits).
Excluding the bounced visitors who left the web site immediately, approximately 60% of the remaining users (2,058 visits) spent between one and three minutes on CUSP, with 20% of them (678 visits) staying for more than 10 minutes. In terms of access methods, 36% of visits came through Intranet within the Columbia University Medical Center, and approximately 7% of users accessed CUSP using a mobile device, such as a smart phone, iPad, or tablet. In terms of the temporal trends of usage, the number of unique visitors spiked to 214 per day between March 20, 2012 and March 22, 2012, when the open-access version of CUSP was released. Afterwards, the number of unique visitors per day stabilized at 10 to 30 during weekdays.
CUSP allows searches for scientists using person names or topics that appear in their publications or grants. A total of 10,210 searches were performed by 49% of all the unique visitors. Most of top 10 searches used person names directly (60%), while the rest (40%) used health topics to retrieve the collaboration network related to the topic. Content mining identified the following 20 most popular topics in Table 1 . Figure 1 is an action transition graph generated by ORA (http://www.casos.cs.cmu.edu/projects/ora) using the page access statistics. It illustrates the patterns of the action transitions among the six frequently visited web pages on CUSP. The colors, blue or red, indicate two types of activities grouped by structural similarity in the network as detected by a subgrouping algorithm (CONCOR), which seeks to identify structurally equivalent nodes. The edge width indicates the frequency of transitions between each pair of pages. Users starting from person profile (blue on the top) pages usually reach the publication and grant pages related to a person, whereas users searching by topic (red in the center) reach topic-related grant, publication, or network pages that list names of associated investigators. Table 2 ). Time series analysis shows that the trends of bounces, search refinement and search depth of the two access modes are similar (RMSE<2). Comparing the two modes, trends of visits, unique visitors, and unique searches are only moderately different, with RMSE ranging between 28 and 55. In contrast, patterns of user time spent differ markedly between two modes, with RMSE > 1,000. Using a multi-regression modeling analysis of time series, we were able to plot a forecast model for the number of daily CUSP users of each access mode (Figure 2) . According to the time series models of each access mode in Figure 2 , the number of daily users of the restricted access version of CUSP continuously decreased. In contrast, the number of daily users of the open access version has steadily increased. 
Changes of CUSP Usage Patterns in 2012 and 2013 in Open Access
Discussion
The results of this study have important implications for RNS designs to support biomedical researchers and RNS usage analysis methodology. We observed a slightly increased bounce rate and decreased time spent during the open access mode. However, the small values of RMSE calculated from trends analysis suggest that the temporal change patterns were not much different between the two access modes ( Table 2 ). In addition, the average session duration Furthermore, this study presented a novel integration of analytical methods that may be useful to others. The Google Analytics approach provided us with rich time trends data. We were able to obtain log data representing more than 30 different kinds of user behaviors and characteristics. The data were easily imported into various analytical software applications for further analysis, including time series and content mining. While the methods were simple, the results are sophisticated. The time series analyzed for this study have rarely been applied to similar log file studies that use Google Analytics. This trend analysis based on machine learning algorithm is more powerful and sophisticated than the traditional statistical time series analysis using ARMA (autoregressive moving average) or autoregressive integrated moving average (ARIMA) model 7 .
In addition, content mining using Automap provides more accurate use information related search terms than the output from Google Analytics. Google Analytics calculates frequency of key terms based on the morphology of the words. In contrast, our content mining approach allows us to aggregate semantically related terms utilizing natural language processing. Google Analytics does not recognize word variation, such as upper vs. lower case, word vs. symbol, singular vs. pleural, and alternate spellings. For example, while Google Analytics considers "comparative effectiveness", "comparative-effectiveness", "Comparative effectiveness" and "Comparative Effectiveness" as four distinct terms, our approach recognizes them as a single concept.
This study inherits the limitations of log file analysis. While this web usage mining provides answers to who, how, where and when questions related to system use, it does not provide answers to why -why users interacted less with certain pages or why users are satisfied or not satisfied with the system. Nevertheless, the usage mining was valuable to assess the global picture of the usage patterns for hypothesis generation to guide further user modeling. 
Overview research team network using
Conclusions
This paper reports temporal usage patterns of our locally developed research network system, CUSP, by applying various temporal data mining methods to the Google Analytics usage log. Software used in this study is freely available on the Internet. The software packages are easy to use by researchers without significant programming skills who need to mine usage patterns on a health-related website. Our temporal usage analytical framework allowed us to efficiently characterize and understand the temporal usage of open-access RNSs like CUSP and our results offer generalized guidance for improving the design of future RNSs.
